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Abstract 
Land for development is a valuable resource of any metropolitan city.  Architects and Engineers are always striving 
for the best use of land.  Buildings are now designed with more mix of use and activities and often require more large 
spaced buildings with column-less structures resulting in long spanned structure.  Roads are also introduced into the 
building for internal circulate and effects of the dynamic response from traffic becomes a new era of interest. 
Structural engineer is now required to understand and investigate into the effects from vehicular induced forces to 
structures.  This paper presents a practical method for assessing effects from vehicular generated loads to long 
spanned and complicated structure with computational analysis tool. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
The dynamic response of structure subjected to moving loads has long been an interesting topic in 
the field of civil engineering, such as highway bridge design, railroad bridge design and space station 
facilities.  Research on the dynamic response of bridges subjected to moving vehicle loads dates back to 
the work of Jeffcott (1929).  In the following, many methods and models (Tan and Shore 1968; 
Timoshenko et al. 1974; Blejwas et al. 1979; Akin and Mofid 1989; Chu et al; Wang et al. 1991) have 
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been developed to investigate dynamic effects on the structure due to moving load.  A comprehensive 
review of the history and literature can also be found in Fryba (1996) and Yang et al. (1998).  Although 
many papers have been published, most of them focused on studying the dynamic response of 
bridge/railway tracks due to moving load.  Very few touched on the topic of effects to building structure 
from internal traffic induced dynamics. 
Building structure nowadays contains internal traffic circulation mixed with food & dining, office, 
and even waiting room area.  Internal traffic is essential for terminal building and airport facilities to 
deliver passengers in and out, and industrial building to deliver goods for logistics.  People predominant 
in static position and particularly sitting in a room next to traffic circulation may experience some 
discomfort if vibration from traffic becomes excessive.  Therefore, it is important to evaluate the impact 
from the type of vehicle and its respective speed to the floor structure and to ensure that effects are within 
acceptable vibration amplitude. 
This paper aims to provide an overview and practical computational method to assess on the possible 
effects induced by traffic circulation onto any nearby vibration sensitive receiver. 
2. Methodology 
2.1. In Analytical solution of the simple beam under moving load 
Timoshenko (1974) studied the deflection of the simple beam under the moving load. 
Figure 1 The simple beam under the moving load
The analytical solution of the deflection of the beam is given as the below: 
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     (Eq 1) 
Thus, the velocity and acceleration of the beam at any points can be expanded and derived as: 
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where, 
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L  Length of the beam    m  The mass per length 
E  Young’s module     c  Velocity of vehicle 
I  Second moment area    P  Weight of the moving load 
mEIa / 
2.2. Numerical Simulation by Computer Modeling 
2.2.1. Concepts 
The formulation presented in section 2.1 is an analytical serial solution for a simple beam.  This 
section describes how to simulate the effect of the moving load on structure with application of latest 
computer technology and software.  The simple beam is separated to many discrete segments with 
identical length as illustrated below 
Figure 2 Discrete model of the simple beam 
A single time history function that represents the impulse of the traffic moving load can be defined 
as below: 
Figure 3 A single time history function 
where cLt i /0  .   
2.2.2. Computer Software to be used in this assessment 
ETABS from Computer & Software Inc will be used in this assessment.  ETABS is widely used in 
Hong Kong and in building projects and has been accepted by many government authorities in Hong 
Kong. 
For nearly 30 years, ETABS has been recognized as the industry standard for Building Analysis and 
Design Software. Today, continuing in the same tradition, ETABS has evolved into a completely 
Integrated Building Analysis and Design Environment.  ETABS can perform state-of-the-art 2D frame or 
dynamic analysis of a complex high-rise that utilizes non-linear dampers for inter-story drift control.  
ETABS time history dynamic analysis module will be used in this assessment. 
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2.3. Comparison between analytical and numerical results 
One example of the simple beam analysis will be carried out to demonstrate the appropriateness of 
the numerical approach. 
The parameters of the structure are 
Length of beam, L   = 50m 
The mass per length, m   = 18000kg/m 
Young’s module, E   = 3.34E+10N/m2
Velocity of vehicle, c   = 25m/s 
Second moment area, I   = 6.0m4
Moving load, P    = 500000N 
Deflection, velocity and acceleration at the middle span of the beam between the analytical and 
numerical results are compared and are illustrated as below: 
(a) 
(b)        (c) 
Figure 4 (a) Displacement; (b) Velocity; (c) Acceleration 
As seen from the results shown in Figure 4 above, the deflection and velocity from Numerical 
Modeling Method concur with the Analytical Method.  The acceleration from the Numerical Modeling 
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Method though slightly different from that of the Analytical Method, the results are in the conservative 
side.
Numerical Modeling Method presented in this report demonstrates an effective method for 
evaluation of the response to structure from moving loads.  This method is particularly useful when 
applying to very complicated structure where response is not merely from a single element but from a 
cluster of inter-related structures.  All responses, behaviours and inter-related responses of a floor 
structure can be easily identified with this Numerical Modeling Method. 
3. Dynamic Response due to Vehicle load at Mezzanine Level 
3.1. Overviews 
An example of real life project has been selected for demonstration of the Numerical Modeling 
Method.  Traffic lanes circle around the office area as indicated in Figure 5.   Therefore, response from 
traffic in close proximity to office, and the control of comfortability to people in the office requires a 
closer look at.  Referring to ISO 2631-2 (1989), recommended peak acceleration for human comfortable 
is 0.5% of gravity for office area. 
Figure 5 General building plan 
The traffic lanes (highlighted in red arrows) surround the office area (highlight in blue).  
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3.2. Design Assumptions 
3.2.1. Basic assumptions 
z Finite element model is established. Shell element is used to simulate slab/beam/column/wall 
members. 
z Dynamic Young’s module of concrete, Ec = 38 GPa (refer to Wyatt 1989) 
z Definition of the mass resource from the loading (1.0DL + 0.1LL), LL of office space is taken into 
account.
z Damping ratio is assumed as 0.03, (Refer to Murray et al. 1997 for a lightly partitioned office space) 
z The traffic lanes in this project are for the internal use and with proper future maintenance.  Thus, 
the roughness of the surface of the road is not considered in the current study.  Also, effects from 
roughness of surface of the road is usual very minimal when vehicle is moving at a low speed. 
3.2.2. Vehicle Load Arrangement 
Different type of vehicles will be travelling around the office space ranging from private car, mini-
buses to loading & unloading trucks.  For the purpose of this assessment, the heaviest 38 tons vehicle 
(HGV, articulated truck) will be applied to the structure. 
The heaviest weight of the vehicle (38 tons, HGV, articulated truck) is assumed to be applied at four 
wheels and the distance between the front wheels and back wheels is assumed to be 10 meters 
approximately.  This is a conservative assumption as Articulated Truck has more than 2 axles. 
Figure 6 Vehicle load arrangement 
The ETABS Model 
Figure 7 3D view of ETABS model 
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3.3. Analysis Results 
Four different analysis models have been preformed for different speed of trucks.  The results of the 
ETABS computer analyses are summarized in table 1 shown on next page.  Details are shown in Figure 8. 
Table 1  The maximum acceleration caused by the moving load under different speeds 
t (s) 
Velocity of vehicle 
(km/hour) 
Maximum acceleration (m/s2) 
%g
(% of gravity) 
0.1 110 0.0572 0.585 
0.2 55 0.0187 0.191 
0.5 22 0.00986 0.100 
1.0 11 0.00412 0.042 
Four different analysis models have been preformed for different speed of trucks.  The results of the 
ETABS computer analyses are summarized in table 1 shown on next page.  Details are shown in Figure 8. 
Table 1Table 1 presents the maximum acceleration for office area caused by the moving traffic load 
under different speeds.  From the results, the acceleration caused by the traffic load with the heaviest 
vehicle onto structure is only 0.191%g at the office area, which is less than 0.5%g (the upper limit of the 
serviceability requirement of the acceleration for the office area as recommended by ISO 2631-2 (1989)) 
when the speed of the vehicle is 55km/hour or lower.  In fact, speed within building is often limited to 
around 30km/hour with proper control and management.  Therefore, the response due to the traffic 
moving load in this selected building structure will not cause serviceability issue to the office space 
located nearby. 
4. Conclusion 
The Numerical Modeling Method presented in this paper represents an effective approach to assess 
the response from traffic load onto complex structure.  This method allows the full application of any 
commercial computer analysis software that comes with Time History Dynamic Analysis.  The response 
and amplitude of the acceleration from the traffic load onto any and very complicated structure can be 
assessed.
This method allows engineers to assess the effects with accounts to the inter-related stiffness of 
complex structure of any forms.  The effects and responses from any distance of vibration induced 
sources in the structure can also be found.  This method provides a practical way to quantify the effects 
from vehicular loads to structure. 
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Appendix 
(a)      (b) 
(c)      (d) 
Figure 8  The time history curve of the acceleration (a) t0 = 0.1s; (b) t0 = 0.2s; (c) t0 = 0.5s; (d) t0 = 1.0s. 
